Cognitive control of behavior continues to improve through adolescence in parallel with important brain maturational processes including synaptic pruning and myelination, which allow for efficient neuronal computations and the functional integration of widely distributed circuitries supporting top-down control of behavior. This is also a time when psychiatric disorders, such as schizophrenia and mood disorders, emerge reflecting a particularly vulnerability to impairments in development during adolescence. Oculomotor studies provide a unique neuroscientific approach to make precise associations between cognitive control and brain circuitry during development that can inform us of impaired systems in psychopathology. In this review, we first describe the development of pursuit, fixation, and visually-guided saccadic eye movements, which collectively indicate early maturation of basic sensorimotor processes supporting reflexive, exogenously-driven eye movements. We then describe the literature on the development of the cognitive control of eye movements as reflected in the ability to inhibit a prepotent eye movement in the antisaccade task, as well as making an eye movement guided by on-line spatial information in working memory in the oculomotor delayed response task. Results indicate that the ability to make eye movements in a voluntary fashion driven by endogenous plans shows a protracted development into adolescence. Characterizing the transition through adolescence to adult-level cognitive control of behavior can inform models aimed at understanding the neurodevelopmental basis of psychiatric disorders.
Introduction
The neurodevelopmental basis of psychopathology is not widely recognized. Disorders such as schizophrenia, bipolar disorder, anxiety disorder, and anorexia nervosa often emerge during adolescence from systems that appeared to have been developing within normative ranges. Disorders such as autism, attention deficit hyperactivity disorder (ADHD), and Tourette's syndrome, while present early in development, show unique developmental progressions. Each of these disorders is now understood as having a neurobiological basis in which development plays a significant role. While most of the work on the neurobiological basis of psychopathology has focused on the mature system, investigation of the developmental trajectories of such disorders can provide crucial information regarding their etiology and, importantly, insight on appropriate windows for intervention and the effects of treatment.
Eye-movement tasks are a unique neuroscientific tool that allows us to examine the relationship between brain and behavior and its development, critically important to our understanding of the neurobiological basis of psychiatric illnesses. Oculomotor methods have proven to be sensitive to impaired executive function in a wide range of psychopathologies that are believed to have a neurodevelopmental basis, such as schizophrenia, ADHD, autism, and others (Everling & Fischer, 1998; Sweeney, Takarae, Macmillan, Luna, & Minshew, 2004 ) (see Section by Rommelse et al., in this volume). Specifically, voluntary control of saccades is particularly sensitive to psychopathology (Sweeney et al., 2004) . These impairments are believed to reflect abnormalities in circuitry supporting executive control of responses that is also core to psychopathology. This review will focus on the developmental transition from adolescence to adulthood of eye-movement performance on tasks of sensorimotor and cognitive control. During this period, performance on various eye-movement tasks begins to reach stabilization, paralleling developmental changes in the brain. Specific brain maturational processes will be described first because they provide the bases for developmental improvements in behavior. We then review the literature on the development of basic eye-movement processes as well as those that require cognitive control, including response inhibition, working memory, and reward processing. We conclude with a summary of which processes are mature and which have a protracted development which support the transition to adult-level eye-movement control.
